• Postoperative ileus is a temporary impairment of gastrointestinal motility that commonly occurs after abdominal surgery. Although the literature regarding the incidence of postoperative ileus is limited, the incidence rates appear to vary by the type of surgery, with reported incidence rates ranging from 15%-25% in patients undergoing colectomy.
• The etiology of postoperative ileus is understood to be multifactorial with potential causes including inflammation from surgical manipulation, inhibitory neural reflexes, and the use of opioids.
• Although a few pharmacoeconomic studies have been published on postoperative ileus using hospital chart data, no cost study to our knowledge has used large multihospital databases and focused specifically on colectomy surgeries.
What is already known about this subject
• Mean (SD) hospital length of stay (LOS) for colectomy patients with postoperative ileus was 13.8 (13. 3) days total, compared with 8.9 (9.5) days total for colectomy patients without postoperative ileus.
• Mean (SD) per stay hospitalization costs for colectomy patients with and without postoperative ileus were, respectively, $25,089 ($35,386) and $16,907 ($29,320).
• In multivariate regression models adjusted for covariates, presence of postoperative ileus was found to be a significant predictor of hospital LOS (29% increase, 95% CI = 26.0%-31.0%) and costs (15.5% increase, 95% CI = 13.3%-17.7%) in patients undergoing colectomy surgery.
estimates should be updated. 15 In this retrospective database analysis, we studied the impact of postoperative ileus on health care utilization and costs in patients who underwent open or laparoscopic colectomy. The main objective of our study was to quantify the incremental impact of postoperative ileus on health care utilization, including hospital length of stay (LOS) and hospitalization costs, in patients undergoing colectomy surgery in the United States. We conducted the economic analysis from a hospital perspective using a large hospital alliance database.
■■ Methods Data Source
A retrospective cohort study was conducted using data from the Premier Perspective database. This repository of hospital administrative data includes approximately one-sixth of all hospitalizations in the United States and was developed for quality and utilization benchmarking. It contains a total of 2.5 billion patient daily service records, and approximately 45 million records are added each month. Annually, nearly 5 million hospital discharges are processed and recorded in the Perspective database. In addition to the data elements available in most standard hospital discharge files, the Perspective database also contains a date-stamped log of all billed items including procedures, medications, laboratory, and diagnostic and therapeutic services at the individual patient level. The Uniform Billing (UB)-92 discharge form provides data on demographic characteristics, discharge diagnoses, and discharge status (including death, but not its cause). Patient records in the database used for this study were de-identified in compliance with the Health Insurance Portability and Accountability Act of 1996 (HIPAA). Records relating to a common hospital discharge were linked using a non-personal identifier assigned by the data provider that prevented subject identification and the linking of identifiers to subjects.
The data undergo quality checks, and cost information is reconciled with the hospitals' financial statements. The data are used by hospitals to compare their clinical and financial performance against the performance of their peers. The Premier Perspective database is used in the Centers for Medicare & Medicaid Services Hospital Quality Incentive Demonstration Project, which links reimbursement of hospitals to the quality of patient care and outcomes of care for selected procedures or conditions.
28 Dollar amounts used in the present study's analyses represent either costs as recorded in procedural cost accounting systems in 70%-80% of hospitals or estimated costs based on a ratio of cost to charges in the remaining 20%-30%.
Patient Selection Criteria
To be eligible for analysis, a patient was required to meet the following criteria:
• An inpatient discharge during 2004 • Aged 18 years or older • A principal procedure code for open or laparoscopic excision the gut wall characterized by activation of resident macrophages in response to manipulation is also considered to play a role in postoperative ileus, and several inflammatory mediators have been implicated in its evolution. [8] [9] [10] [11] Opioid drugs used for postoperative analgesia may also contribute to postoperative ileus by decreasing intestinal motility via stimulation of μ-opioid receptors in the gut. 12, 13 Postoperative ileus has a profound impact on outcomes. Increased morbidity associated with postoperative ileus includes nausea and vomiting, increased pain, and prolonged time to oral intake of nutrition necessary for wound healing and immune function. 1, 13 Risk of aspiration and increased time to mobilization may lead to pulmonary complications. These consequences of postoperative ileus are associated with greater resource utilization including prolonged hospitalization. 14, 15 Because dysmotility of the gut may be a factor in delaying hospital discharge following abdominal surgery, several strategies have been developed to speed the return of gut function. 16 Accelerated postoperative care including early oral feedings, avoidance of nasogastric intubation, and early ambulation may hasten restoration of gut function, reduce morbidity, and shorten hospital stay. 2, [16] [17] [18] Less invasive surgery using laparoscopy is effective in reducing time to return of gut function and duration of hospital stay and has been shown to be safe even in patients undergoing colectomy for colon carcinoma. [19] [20] [21] [22] Additional techniques that can be combined in a multimodal approach to prevent and manage postoperative ileus include opioid-sparing analgesia, use of regional anesthesia techniques, and administration of laxatives. 2, 6, 23, 24 Currently available prokinetic agents have not been proven effective in the treatment or prevention of postoperative ileus; 1 however, alvimopan, a new pharmacologic agent that antagonizes the effects of opioid analgesia on the gut, has been shown to be helpful in restoring gastrointestinal function and reducing time to hospital discharge. 25, 26 Although these efforts have been successful in shortening hospital stay and reducing costs, they have some limitations. Laparoscopic surgery remains inappropriate for some patients and unavailable at some centers. 20, 22 In addition, conversion from laparoscopic-assisted to open colectomy is required in some patients; a meta-analysis of 26 studies reported a conversion rate of 14% (range = 0%-42%). 22 In addition, even among patients who receive accelerated postoperative care to minimize postoperative ileus following bowel resection, postoperative ileus still occurs in many patients; postoperative ileus-related morbidity was reported in 15% of 727 patients who received accelerated postoperative care following open bowel resection. 27 Therefore, the clinical and economic consequences of postoperative ileus remain a concern in spite of current preventive and management efforts.
Limited recent data are available that elucidate the economic impact of postoperative ileus in patients undergoing colectomy surgeries. This lack of information, as well as availability of newer techniques for addressing postoperative ileus, suggest that older on the patient's underlying clinical problems, and that patients with high severity of illness or risk of mortality are usually characterized by multiple serious diseases or illnesses. 30 In the APRDRGs, the assessment of the severity of illness or risk of mortality of a patient is specific to the base APR-DRG to which a patient is assigned. In other words, the determinations of the severity of illness and risk of mortality are disease-specific. 30 
Statistical Analysis
Descriptive statistics were calculated for demographic (age, race, and gender) and health care characteristics (admission type, admission source, hospital payer type). Hospital LOS, allcause 30-day readmission rates, and costs for the postoperative ileus and non-postoperative ileus groups were compared using t-tests and chi-square tests as appropriate. In order to assess the incremental hospital days and costs associated with postoperative ileus after accounting for covariates, multivariate regression analyses were performed with log-transformed LOS and costs as dependent variables and presence of postoperative ileus as a key independent variable. Since the distributions of the hospital LOS and costs are positively skewed, natural logarithmic transformations were performed to normalize the data, which is essential to fulfill the assumptions of multivariate regression analysis.
For the LOS model, regression (mixed linear) modeling using the SAS (SAS Institute Inc., Cary, NC) procedure "PROC MIXED" was used to account for the correlation that can be expected among patients treated in a particular hospital and to explore the effects of both hospital characteristics and patient characteristics on LOS. For the cost model, regression modeling using the SAS procedure "PROC REG" was used. Patient demographics (age, gender, and race), APR-DRG mortality risk, APR-DRG case severity, admission source (physician, health maintenance organization [HMO] , transfer, emergency room [ER] , and other), payment method (retrospective vs. prospective, which includes managed care capitated and Medicaid managed care capitated arrangements), and hospital characteristics (bed size, teaching vs. nonteaching, and urban vs. (Table 1) The colectomy patients were further classified on the basis of presence or absence of a diagnosis code for postoperative ileus, recorded in any diagnosis field in the administrative record, during the inpatient stay for the colectomy procedure. Diagnosis codes for postoperative ileus included paralytic ileus (ICD-9-CM code 560.1) and/or digestive system complications not elsewhere classified (ICD-9-CM code 997.4). The digestive system complications code (ICD-9-CM 997.4) was included in addition to the code for paralytic ileus (ICD-9-CM 560.1) because code 997.4 includes within it the "complications of intestinal anastomosis." An anastomosis is a surgical connection between two structures. It usually means a connection that is created between tubular structures, such as blood vessels or loops of intestine, as is the case for colectomy surgeries, in which parts of the colon are removed and the remaining sections are reconnected surgically. Since the primary cohort population for this study consists of patients who had undergone colectomy surgery, code 997.4 could be used to code postoperative ileus as a complication resulting from anastomosis for these patients. Hence, the code was included in an attempt to get a comprehensive estimate of postoperative ileus in this population, even though a significant overlap between the 2 codes was expected in our study results. LOS for patients who expired in the hospital was calculated as the time between date of admission and date of death.
Adjustment for Severity and Mortality Risk
In order to control for confounding factors such as severity of condition and comorbidities, which could impact hospital LOS, All Patient Refined Diagnosis Related Groups (APR-DRGs) were used as covariates. APR-DRGs are a joint development of 3M Health Information Systems and the National Association of Children's Hospitals and Related Institutions and are used by the Agency for Healthcare Research and Quality (AHRQ) for risk adjustment. APR-DRGs expand the basic DRG structure by adding 2 sets of subclasses to each base APR-DRG. 29 Each set consists of 4 subclasses and addresses patient differences relating to severity of illness and risk of mortality. Severity of illness is defined as the extent of physiologic decompensation or organ system loss of function. Risk of mortality is defined as the likelihood of dying. Since severity of illness and risk of mortality are distinct patient attributes, separate subclasses are assigned to a patient for each attribute. The 4 severity of illness subclasses and the 4 risk of mortality subclasses are numbered sequentially from 1 to 4 indicating, respectively, minor, moderate, major, and extreme severity of illness or risk of mortality. The underlying clinical principles of APR-DRGs are that the severity of illness and risk of mortality of a patient are highly dependent 
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Admission and Discharge Characteristics
A significantly lower proportion of patients who developed postoperative ileus compared with those who did not were in category level 1 (minor) for APR-DRG severity (8.0% vs. 38.4%, respectively, P < 0.001) and APR-DRG mortality (47.6% vs. 60.2%, P < 0.001; Table 3 ). A majority of the colectomy surgery patients in both cohorts had elective surgery, but the elective proportion of admissions was smaller in the group of patients who subsequently developed postoperative ileus than those who did not (49.9% vs. 57.7%, respectively, P < 0.001). The admission type was classified as "emergency" for a significantly greater proportion of patients who subsequently developed postoperative ileus than patients who did not (33.0% vs. 28.7%, P < 0.001). A majority of the patients in both the ileus and no ileus groups had physician referral as the admission source (59.5% vs. 64.7%, respectively, P < 0.001).
Patients who developed postoperative ileus were less likely than those without postoperative ileus to be discharged home rural) were used as covariates in both models. The natural antilogarithms of the parameter estimates were obtained. Specifically, the percentage increase or decrease predicted in the dependent variable by a 1-unit increase in any independent variable is obtained using the formula (e estimate -1) x 100, where e is a constant approximately equal to 2.718. All analyses were performed using SAS version 9.1.
■■ Results
A total of 17,876 patients with a primary procedure code for colectomy were identified, of whom 3,115 (17.4%) patients had a secondary diagnosis of postoperative ileus, including paralytic ileus only (n = 1,216, 6.8%), digestive system complications only (n = 383, 2.1%), and both paralytic ileus and digestive system complications (n = 1,516, 8.5%; Figure 1) . A majority of the colectomy patients with and without postoperative ileus, respectively, were male (54.1% vs. 50.3%, P < 0.001), Caucasian (70.5% vs. 69.3%, P = 0.170), and aged 51-64 years (51.1% vs. 49.7%, P = 0.143; Table 2 ).
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Patients with a diagnosis of postoperative ileus (ICD-9-CM diagnosis codes 560.1 or 997.4) n = 3,115 (17.4%) ,320], respectively, P < 0.001) and for the first (lowest) 3 severity levels. Among patients at APR-DRG severity level 4 (extreme severity), the cost difference was not statistically significant (P = 0.068).
In the multivariate regression model of hospital LOS on postoperative ileus and covariates, presence of postoperative ileus was found to be a significant predictor (β = 0.254, 95% confidence interval [CI] = 0.235-0.274, P < 0.001), associated with after surgery (67.2% vs. 77.4%, respectively, P < 0.001) and more likely to be discharged to another institution (7.7% vs. 4.9%, P < 0.001) or to home health care (21.7% vs. 15.0%, P < 0.001; Table 3 ). The all-cause 30-day hospital readmission rate was significantly higher for patients with postoperative ileus than for those without (0.9% vs. 0.3%, respectively, P < 0.001).
Hospital and Payer Characteristics
A majority of the colectomy surgeries in the groups with and without postoperative ileus, respectively, were performed in nonteaching hospitals (61.5% vs. 62.0%), urban hospitals (83.1% vs. 85.8%), and hospitals with more than 100 beds (96.2% in both groups; Table 4 ). A majority of admissions in both groups were reimbursed by a noncapitated managed care payment source (61.2% vs. 62.3%). In both groups, the majority of patients were in hospitals located in the Midwest (36.8% vs. 37.0% for patients with and without postoperative ileus, respectively) and South (38.7% vs. 33.0%).
Hospital Length of Stay and Costs
Mean [SD] hospital LOS in days was significantly higher in colectomy patients with postoperative ileus than in patients without (13.75 [13.33] vs. 8.85 [9. 49], respectively, P < 0.001; Table 5 ). The median LOS in the postoperative ileus group was 10 days compared with 6 days in the non-postoperative ileus group. Results were similar for all APR-DRG severity levels. Mean [SD] hospitalization costs were significantly higher for colectomy patients The rates of postoperative ileus found in this database seem to be similar to those reported in other studies that have used ICD-9-CM codes for identification of cases of postoperative ileus in colectomy patients. In a study by Goldstein et al., the incidence of postoperative ileus in abdominal surgeries was reported to be 8.5%, with the highest incidence in large and small bowel resection (14.9% and 19.2%, respectively). 15 In a pooled analysis of clinical studies of a drug aiming to prevent postoperative ileus in patients following bowel resection surgery, the rate of postoperative ileus was approximately 15% in patients treated with placebo. 27 While comparing across studies in the literature, it is important to emphasize the variability in the definition of the term "postoperative ileus." The postoperative ileus rate of 17% in colectomy patients found in our study is lower than those reported in studies that have used narrative information in patient charts or a pre-defined cutoff time to recovery of bowel function in addition to ICD-9-CM codes. In a retrospective cohort review of patient chart records at a major academic center in the United States, the rates of prolonged postoperative ileus in 40 hemicolectomy patients was found to be 24.5%. 31 In addition to ICD-9-CM codes, that study used additional criteria to identify postoperative ileus, including documentation of postoperative ileus in the narrative section of the chart, confirmation or identification of postoperative ileus by radiological studies such as obstruction series or abdominal or pelvic computed tomography scans, and prolonged return of gastrointestinal function, including lack of bowel sounds, delayed flatus, and no bowel movement, abdominal distention, nausea, or vomiting. In a study reported in a meeting abstract, Benedict et al. reported that the incidence of postoperative ileus, defined as greater than 5 days of time to recovery of normal bowel function, was 52%-75% in patients after colonic surgery in Germany. 33 In the present study, we found that postoperative ileus predicts an increase of 29% in the average hospital LOS. Similar results have been reported for total abdominal surgeries and some types of colectomy surgeries, hemicolectomy in particular. 15, 27, 31 LOS is an important outcome as a marker for resource consumption. In a study evaluating the association of postoperative ileus with hospital LOS in abdominal surgeries using the National Inpatient Sample (NIS) database, hospital LOS in patients with postoperative ileus was 2.35 to 3.00 days longer on average compared with patients without postoperative ileus. 32 In clinical studies of bowel resection patients, the average LOS has been reported to be 6.6 days. 27 In a study of abdominal surgeries, the average hospital a 29% increase (95% CI = 26.0%-31.0%, approximately 1.6 days when 29% is applied to the antilog of the intercept) in hospital LOS (Table 6 ). Female gender (P = 0.002), greater severity level (P < 0.001), and hospital size greater than 500 beds (P = 0.013) were other significant predictors of hospital LOS. In the multivariate regression model of hospital cost, presence of postoperative ileus was found to be a significant predictor (β = 0.144, 95% CI = 0.125-0.163, P < 0.001), associated with a 15.5% increase (95% CI = 13.3%-17.7%) in hospital costs ($1,461). APR-DRG severity level (P < 0.001), APR-DRG mortality risk level (P < 0.001), hospital size, admission source, and admission to a teaching hospital were other significant predictors of hospital costs (Table 6 ). The total annual national hospital cost attributed to managing coded postoperative ileus in abdominal surgeries has been projected to be $1.46 billion for both the index hospitalization and any readmissions within 30 days. 15 We found that presence of postoperative ileus is associated with an increase of approximately 15% in hospital costs. Other studies have reported incremental costs associated with postoperative ileus in abdominal surgeries. Sarawate et al. reported that the incremental charges attributable to postoperative ileus were found to range between $4,118 and $8,745 per hospitalization in intra-abdominal surgeries. 32 Goldstein et al. reported that the average hospital cost for cases with coded postoperative ileus following abdominal surgeries was $18,877 compared with $9,460 for cases without any code for postoperative ileus. 15 Our study confirms that postoperative ileus could be a significant predictor of hospital LOS and costs in patients undergoing colectomy surgery, controlling for covariates.
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P value for Pearson chi-square tests (age group, gender, race) or t-test (age) of differences between groups of patients with and without postoperative ileus.
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Limitations
First, since postoperative ileus was identified by ICD-9-CM codes, postoperative ileus rates could be underestimated. Use of information in patient charts in addition to the ICD-9-CM codes could help to account for the underestimation in future research. Second, billing and coding errors could potentially have occurred. Third, few clinical variables were available for inclusion in the multivariate analyses, thus limiting conclusions about the direct contribution of postoperative ileus on hospital LOS and cost. Multivariate analysis controls only for measured covariates, not for unmeasured confounding factors. Fourth, the proportion of surgeries that were performed laparoscopically is unknown. It is possible that differences in surgical procedures could have an effect on LOS and cost outcomes. Finally, this study failed to LOS was found to be 11.5 days for cases with coded postoperative ileus versus 5.5 days for cases without coded postoperative ileus. 15 Salvador et al. reported that in hemicolectomy patients, the average hospital LOS was 16.6 days (median 15.8 days) in patients with prolonged postoperative ileus compared with 8.6 days (median: 6.8 days) in patients without any evidence of postoperative ileus. 31 The results of our study confirm that postoperative ileus in colectomy patients, including hemicolectomy, could be a significant predictor of hospital LOS, even after controlling for various confounding factors in multivariate analysis. Our study is one of the first to assess the association between postoperative ileus and hospital LOS in colectomy patients in the United States after controlling for other potential confounding factors, such as patient demographics and condition severity.
In addition to prolonged hospital LOS during the index hospitalization, patients developing postoperative ileus are also at higher risk for hospital readmission. The 0.38% rate of 30-day all-cause hospital readmissions found in our study is much lower than those reported in previous studies of abdominal surgeries. Goldstein et al. reported a 30-day readmission rate for postoperative ileus of 3.6% in abdominal surgery patients with postoperative ileus compared with 0.02% in patients without postoperative ileus. 15 Past studies have reported that approximately 10% of patients undergoing colorectal surgery were readmitted within 30 days, and one-third were readmitted for small-bowel obstruction or ileus. 34 Lower readmission rates in our study could be attributed to the restricted sample of colectomy surgery cases in the present study compared with all abdominal surgeries as reported in other previously published studies. Nevertheless, the readmission rates found in our study were higher in patients with postoperative ileus than in those without, which could contribute significantly to increased health care costs. 
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Relationship of Postoperative Ileus With Hospital Length of Stay and Costs
capture the humanistic impact of postoperative ileus on patients, who experience pain and discomfort because of this condition. Lost work productivity due to prolonged hospitalization is another relevant component of indirect costs, which could be important from the perspectives of patients, employers, and society.
■■ Conclusion
In patients who underwent colectomy surgery, postoperative ileus was associated with a 29% increase in hospital LOS and a 15% increase in hospitalization costs. Prevention of postoperative ileus could potentially yield benefits in reduction in hospital LOS and associated health care costs.
